Many patients with circulatory failure either from hemorrhage or heart failure have anemia. In these patients, the cardiac output may be within normal limits and yet the circulation may be inadequate. The question immediately arises as to what is the effect of anemia on the requirements of the tissues of the body for blood. Before it can be determined whether a given patient with anemia has an adequate circulation, it is necessary to know how anemia per se affects the cardiovascular system and what level of cardiac output should be expected for a given hemoglobin concentration. Studies on the circulation were, therefore, carried out on patients with chronic anemia in whom the picture was not complicated by shock and by the marked decrease in total blood volume which are so often present in the acute anemia produced by hemorrhage.
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METHODS
The cardiac output was measured by the utilization of the direct Fick principle. Samples of mixed venous blood from the right atrium and measurements of atrial pressure were obtained from an inlying atrial catheter, introduced into the venous system through the antecubital vein (1, 2) . The oxygen consumption was determined by the analysis of a 2-minute sample of expired air, using the method of Haldane. The (Table I) . When the hemoglobin concentration was below 7 grams per 100 ml. and the hematocrit reading was below 20, the cardiac output in the resting basal state was usually increased. In the 9 experiments in which the hematocrit reading was below 14 and the hemoglobin below 5 grams, the average cardiac index was 6.5. In the 5 patients with hemoglobin concentration between 5 and 7 grams per 100 ml., the cardiac index averaged 4.7; in the 5 between 7 and 9 grams, it averaged 4; and in the 5 patients between 9 and 13 grams, it averaged 3.1.
At the bottom of Table I are given the average values for the various aspects of the circulation in patients with severe anemia (hemoglobin below 7 grams), in patients with moderate anemia (hemoglobin over 7 grams), and in a group of normal young male subjects. The cardiac output, the arteriovenous oxygen difference, and the atrial pressure readings were not significantly altered by moderate chronic anemia. The values for oxygen consumption, metabolic rate, ventilation, femoral arterial pressure, and pulse rate tended to be slightly higher in the moderately anemic than in the normal control group. This is probably not the result of moderate anemia, but of different criteria used in selecting the persons composing the two groups. The moderately anemic subjects 332 were a heterogeneous group of patients of varying ages in whom minor degrees of vascular disease may have been present and in whom it was impossible to eliminate a certain amount of apprehension connected with the experiment. For these reasons, the moderately anemic group is a better control series to determine the effects of anemia on certain aspects of the circulation than is the group of carefully selected normal males. In the severely anemic patients, the diastolic and mean arterial pressures and the peripheral resistance were lower than in the moderately anemic subjects. There was no significant difference in the atrial pressure readings in the two groups.
To be certain that the differences observed between the patients with moderate and severe anemia were actually caused by anemia and were not the result of anxiety or of chance selection of patients who normally had a hyperactive circulation, observations were made on 4 very anemic subjects before and after the hemoglobin level had been doubled by transfusions or by the administration of liver extract. The pulse rate always fell, the systolic and diastolic arterial pressures rose, the atrial pressure either remained unchanged or increased, and there was a dramatic increase in peripheral resistance. The arteriovenous oxygen difference always increased and the cardiac output decreased. These studies confirm the trends observed in comparing the circulation of normal subjects with the circulation of anemic patients.
DISCUSSION
When the hemoglobin concentration falls below 7 grams per 100 ml., requirements of the body for blood are increased (Figure 1) . At low levels of hemoglobin, one observes that circulatory insufficiency develops while the cardiac output is still markedly above that found in normal subjects under similar conditions. For this reason, the finding of a normal cardiac output does not necessarily mean that a given patient is not in shock. The output must be evaluated in terms of the requirements of the body for blood. An analogous situation is found in certain patients with congestive heart failure and anemia. Congestive failure may occur while the heart is pumping more than the usual amount of blood. A cardiac output which is sufficient for a normal resting subject is itisufficient for the anemic subject at rest and signs of congestive failure develop.
The heart rate tended to be elevated in anemia, but there was no obvious relationship between the pulse rate and the cardiac output in the series as a whole. In the 4 patients who were studied before and after increasing the hemoglobin level, both a fall in heart rate and cardiac output occurred.
There was no correlation between the atrial pressure and the cardiac output in these patients. In spite of the marked increase in cardiac output, there was no significant rise in atrial pressure. In 2 of the subjects who were studied before and after therapy for the anemia, the atrial pressure tended to rise as the volume of red cells increased and the cardiac output decreased. These data are in accord with our observations on moderate blood loss in which it was demonstrated that, within a certain range, the atrial pressure could be varied without changing the cardiac output (6) . It was also found that anxiety caused a marked increase in cardiac output without an accompanying rise in atrial pressure (7) .
The data reported here are in accord with other observations recorded in the literature. In a study of the effects of bleeding on 'the cardiac output in dogs, two workers (8) noted that individual dogs reacted to comparable degrees of anemia with considerable difference in the degree of increase in cardiac output. They state that in many animals a hemoglobin level of 60 to 70 per cent did not cause a rise in output, but that in others, with much milder anemia, the cardiac output was increased. They suggest that the more rapidly a given degree of anemia is produced the more is the output of the heart increased.
There has been no uniform agreement as to the level to which the hemoglobin concentration falls before the cardiac output is definitely increased. One author (9) noted no increase in cardiac output until the hemoglobin fell to around 30 per cent. Another (10) found a hyperactive circulation when the hemoglobin was below 50 per cent. Still others (11) believed that a considerably less degree of anemia caused a measurable rise in cardiac output. In our patients, there was consistent increase in cardiac output when the 
